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Abstract 

As is known from previous studies the lepton number violating decays vr" + + have 

good prospects to probe new physics beyond the Standard Model and provide valuable information 
on neutrino masses and mixing. 



in 

> 
oo , 

Q>^ , We analyze these processes with an emphasis on their hadronic structure aspects applying rela- 



^SJ ' tivistic constituent quark model. We conclude that the previously ignored contribution associated 

^ ! 

' with the t-channel Major ana neutrino exchange is comparable with the s-channel one in a wide 

O 

"fH , range of neutrino masses. We also estimated model independent absolute upper bounds on the 

I neutrino contributions to these decays. 
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I. INTRODUCTION 



Discovery of small but finite neutrino masses and large neutrino flavor mixing has clearly 
shown the limitations of the Standard model (SM) of electroweak interactions and pointed to 
the physics beyond its framework. The smallness of neutrino masses is commonly considered 
as a strong indication in favor of the celebrated seesaw picture W with its characteristic 
attributes: high-energy scale of lepton number violation (LNV) associated with new physics 
as well as very light and very heavy Majorana neutrino mass eigenstates (for a recent review 
see, for instance, Refs. ^). This supports the long standing belief that, contrary to the SM, 
lepton number is not conserving and neutrinos are massive Majorana particles. If this is 
true, the LNV processes, forbidden in the SM, are allowed at small rates and some of them 
can be observed experimentally. Therefore, theoretical studies and experimental searches 
for LNV processes are attracting growing interest as the way to probe new physics beyond 
the SM and to study the properties of neutrino. 

Various LNV processes have been discussed in the literature in this respect (for review 
see jsl 1^). In principle, they can probe Majorana neutrino contribution and provide in- 
formation on the so called effective Majorana mass matrices {m^)ai3 and {M^^)a/3 of light 
and heavy Majorana neutrinos. These quantities under certain assumptions are related to 
the entries of the Majorana neutrino mass matrix M^'g'. Currently the most sensitive ex- 
periments intended to probe LNV physics beyond the SM, in particular, Majorana neutrino 
contribution are those searching for nuclear neutrinoless double beta (OuPP) decay 0,y,0|- 
Due to the lepton flavor structure of this process its experimental searches are sensitive to 
a specific flavor set of the LNV parameters. For the Majorana neutrino contribution to 
this process they are {my)ee and (M^^)ee entries of the effective Majorana neutrino mass 
matrices. In order to probe the LNV parameters with another lepton flavor composition one 
needs to study other LNV processes. 

In the present paper we study LNV Ti~l'll2 decays. Currently the best experi- 

mental upper bounds on the branching ratios of these processes are 



r(K+ ^ „ TiK+ 7r-e+e+) ^ 



These processes may receive various contributions from the LNV physics beyond the SM 



(see, for instance, Ref. j9[), including the Majorana neutrino exchange. We concentrate on 
the latter case. 

Assume the neutrino mass spectrum consists of light and heavy A^^, neutrinos with 
the masses much smaller m,^(fc) <^ mx and much larger M7v(fc) ^ rrik than the K-meson 
mass rriK = 494MeV respectively. Then the light and heavy neutrino contributions to the 
amplitude of K'^ n~lfl2 decay are proportional to the effective masses { mu)h u and 
{M^^)i-^i2 with li = e, . The estimates of these quantities (see, for instance, |3|,llQ|) from 
the neutrino observations lead to the so small branching ratios of these decays in comparison 
with the current experimental sensitivities that their experimental observation looks 
unrealistic even in a distant future. The exception occurs if there exists Majorana neutrino 
Uh with the mass in the "resonant" region. For the — > fi'^fi^n^ decay this is the region 
of 245 MeV< mj,^ < 388 MeV. In this case the Uh contribution is resonantly enhanced and 
may result in an observable effect jiof. 

In the SM extensions with Majorana neutrinos there are two lowest order diagrams, 
shown in Fig.l, which contribute to the vr^/j*'/^ decavs. These diagrams were first 

considered for K"^ jX^ jX^-K' decay long ago in Refs. Q and more recently in Ref. 

Q. 

The contribution from the factorizable s-channel diagram in Fig. 1(a), dominant for the 
neutrinos with the masses in the "resonant" region, can be calculated without referring to 
any hadronic structure model. On the contrary the t-channel diagram in Fig. 1(b) requires 
a detailed hadronic structure calculation. Studying neutrino contributions to tt^/j^/^ 
decays outside the "resonant" region one should take into account both diagrams. This 
implies the analysis based on a certain model of hadronic structure. 

In what follows we focus on the hadronic structure aspects of —>■ 7r~/j''/^ decay. One 
of the main motivation of our study is the controversial situation existing in the literature 



on this subject. In Ref. fl^ the contribution of the t-channel diagram in Fig. 1(b) has 
been evaluated in the Bethe-Salpeter approach and argued to be negligible compared to the 
s-channel diagram in Fig. 1(a) for any value of neutrino mass. To our mind this result is not 
supported by any physical reason and looks as an artefact of this approach. In this situation 
it is worthwhile to carry out an independent analysis of the t-channel contribution within 
an alternative approach to hadronic structure calculations. 

Our analysis is based on the relativistic constituent quark model Q| which was successful 
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in description of various meson decay processes. As will be demonstrated, we disagree 
with the above mentioned conclusion of Ref. ju] and predict that the t-channel neutrino 
contribution to tt^/j'"/^ decays is comparable with the s-channel one for all the values 

of neutrino masses outside the "resonant" region. 

The following comment is in order. In view of the fact mentioned before that neutrinos 
with the masses outside the "resonant" region give an experimentally undetectable contri- 
bution to n^lfl^ decays the significance of our results mainly consists in establishing 
a reliable framework for hadronic structure calculations in the analysis of these and sim- 
ilar exotic decays rather than for extraction of neutrino parameters. On the other hand 
one may note that our results, obtained for the simplest neutrino exchange mechanism of 
—>■ n^l^l^ decays, can be straightforwardly extended to some other mechanisms offered 
by the physics beyond the SM, which could lead to a priori much larger rates and provide 
valuable information on the LNV physics. 



II. MAJORANA NEUTRINO CONTRIBUTION TO K+ tt /^^/^ DECAYS 

We consider the SM extension with massive Majorana neutrinos. In this case the weak 
interaction effective Lagrangian has the standard form. For the studied processes the relevant 
terms are 

/:rnr' = ^ [Vud dO'^U + Vus SO'^U] ■ UkK,OJn + h.c. (2) 

with = 7"(1 — 7^). The unitary neutrino mixing matrix Uij relates u'^ = Uik^k weak 

v[ and Majorana neutrino mass eigenstates Vk with the masses m^^. The fields /„ denote 

charged leptons e, /i and r. 

The lowest order diagrams describing Majorana neutrino contribution to 
{p) ^ Ti^ {p') + li {qi) + I2 {(I2) decays are shown in Fig. 1. The corresponding 

matrix elements we write down in the form 

Miltlt) = G\VusVud Y,^i^kUi,km,^ [i7^i'^2(gi,g2;m,J ■ L^,^,{q,,q2) - {qi ^ ga)] = 

k 

= M{ltlt)s + M{ltlt)t. (3) 

Here the terms M{l^l2)s and M(/]*"/^)( denote the contributions of the s- and t-channel 
diagrams in Fig. 1(a) and Fig. 1(b) respectively. The lepton and hadron tensors are defined 
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as 



Vm2(?i.?2) = ^^''^(gi)C7^i 7^2(1 -75)4''^(g2), (4) 

H^^^>^'{q,,q2;m,) = i/f ^^(gi, gs; m,) + i7f^'^^(gi, gs; m,). (5) 

Here Ai, A2 are the polarizations of the charged leptons and C is the charge conjugation 
matrix. The hadron matrix elements if^^^^ g^j^^ ^mA«2 correspond to the contributions of 
the s- and t-channel diagrams in Fig. 1(a) and Fig. 1(b) respectively. 

The contribution of the factorizable s-channel diagram in Fig. 1(a) can be calculated in 
a straightforward way without referring to any hadronic structure model with the following 
result 

ml - [p- qiY 

where the pion and K-meson fx leptonic decay constants completely parameterize the 
hadronic structure of this contribution. Their experimental values are /vr = 131MeV and 
fx = 161MeV. The t-channel diagram in Fig. 1(b) is much more involved and requires 
calculations on the basis of certain model of hadronic structure, 
we apply for this purpose the relativistic constituent quark model 

Let us note that for the case of neutrino mass spectrum consisting of very light, rriu <^ mx, 
and very heavy, m,^ = ^ tTi^, neutrinos (m^ = 493.677 MeV is the K-meson mass) 
both s- and t-channel matrix elements in Eq. (jHl) are reduced to the form 

M{ltlt)s,t = + (M^^)y,m^4^^ (7) 

rriK 

with the contributions proportional to the effective Majorana masses of the light u and heavy 
N neutrinos defined as 

k=light k=heavy 

In this limiting case the coefficients A^^t and Wg^^ are independent of neutrino masses and 
mixing. As follows from Eq. Q the coefficients A^J^\W's^^ do not depend on hadronic 
structure model and their values can be ea.lv ™ (see, fo....a„;e,Refs.SQ). 
We will show in Sec. IIVI that A[^^ is also hadronic model independent. Thus, the only 
coefficient in Eq. ((Tj) which requires hadronic model based calculation is A['^^ . 



n the following sections 
3. 



III. FORMALISM OF HADRONIC STRUCTURE CALCULATIONS 

Here we present the details of the relativistic constituent quark model which we apply 
to the calculation of —>■ Ifl^ir' decay rates. The model is based on the effective interac- 
tion Lagrangian describing the couplings between hadrons and their constituent quarks. The 
coupling of a meson if (51^2) to its constituent quarks qi and q2 is given by the Lagrangian 

inli^) = 9hH{x) jdxijdx2FH{x,Xi,X2)q{xi)TH\Hq{x2) +h.c. (9) 

Here, Xh and Th are the flavor SU (3) Gell-Mann matrix and certain combination of Dirac 7- 
matrices corresponding to the flavor and spin quantum numbers of the meson field H{x). The 
function Fh is related to the scalar part of the Bethe-Salpeter amplitude and characterizes 
the finite size of the meson. The translational invariance requires the vertex function to 
fulfil the identity 

Fh{x + a,xi + a, X2 + a) = Fh{x, Xi, X2) for any 4-vector a^. (10) 
We use for this function the following form 

Fh{x, Xi, X2) = 5{X- CiXi - C2X2)^HiiXi - Xg)^) (H) 

where $h is the correlation function of the two constituent quarks with the masses mi, 
1712- Here we introduced the notation: q = mi/ {mi + 7/12). The form of the vertex func- 
tion in Eq. (Illj) implies factorization of its dependence on the center-of-mass coordinate 
X = (mi /(mi +m2))xi + (m2/(mi +m2))x2 of the constituent quarks. 

The interaction Lagrangian for the particular case of charged kaon and pion takes the 
form 

£-f (.) - «./^-(.) ..).(xOy.(..) (12) 

+ igT,n^{x) dxi dx2FT,{x, xi, X2)u{xi)^^d{x2) + h.c. 



The coupling constants gn in Eqs. (fT^ are determined by the so-called compositeness 
condition which requires the renormalization constant of an elementary meson field H{x) to 
vanish 

Zh = i- ^n^(M^) = 0, (13) 
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where U'^j is the derivative of the meson self-energy function. In the case of pseudoscalar 
mesons we have 

1 d f d!^k ~. 



■P 



(14) 



2p2 ^ rfpa J 47^2^ 

where $p(— A;^) is the Fourier-transform of the correlation function $p((xi — X2)^) and Si{^) 
is the quark propagator. We use the free fermion propagators for the valence quarks 

1 



(15) 



with an effective constituent quark mass m,. In order to avoid the appearance of the imag- 
inary parts in the physical amplitudes we require 



Mp < nil + ^2 



(16) 



for the meson mass Mp. 

Finally we specify the correlation function in Eqs. (jl4|) characterizing finite size 
of hadrons. Any choice for its Fourier-transform is appropriate as long as it falls off 
sufficiently fast in the ultraviolet region of the Euclidean space to render Feynman diagrams 
ultraviolet finite. We adopt the Gaussian form for this function 



I>h(4) = exp(-4/A^) 



(17) 



where fc^ is Euclidean momentum. The hadronic size parameters Aj^ and the constituent 
quark masses mu,d,s are determined by fitting to the experimental data for the leptonic decay 
constants fn of mesons H. The model expressions for the leptonic decay constants fp of 
pseudoscalar mesons are derived from the Lagrangian ()12j) and take the form 

3gp f dt^k ~ 



:$p(-r)tr 



0^5i(^ + Ci;^)7'52(^-C2^) 



(18) 



47r2 7 At^H 

with the definition fp = Tp{Mp). The best fit to the experimental values of the decay 
constants = 131 MeV and fx = 161 MeV is obtained with 



u{d) 



0.235 GeV 
1.0 GeV 



rus = 0.333 GeV 
A;^ = 1.6 GeV 



(19) 



This completes the definition of the model which we apply to the analysis of ^t^t'^' 
decays. 



IV. K+ Iflt-^' HADRONIC MATRIX ELEMENTS AND DECAY RATES 

Now let us turn to the calculation of the hadronic matrix elements of — > Zj^'/^vr" 
decays within the above presented approach. The Lagrangian describing these processes 
consists of the three terms 

C-K-dec = -^int + -^int + -^int) (20) 

where the first term is the weak interaction Lagrangian (j2I) while the second and the third 
terms determine vr and K meson interactions with quarks defined in Eq. (jl2j) . In the lowest 
order this Lagrangian generates the contributions corresponding to the diagrams in Fig. 1. 
In what follows we concentrate on the contribution of the t-channel diagram in Fig. 1(b). 
The expression for the corresponding hadronic matrix element introduced in Eqs. Q, © 
takes the form 

Hr\qi,q2:m^) = -^9.9k j ^ j ^^^K{-kl)^.{-kl) (21) 

X tr [7^ Ss{h - C2P) O^' Su{k2 - p'/2) 7^ 5,(^2 + p' /2) O^' S^(k^ + c^p 
1 



™i - ih -k2 + q^y 

where qi2 = Cigi - 02^2 + (1/2 - C2)p' with ci = niu/iniu + m^) and C2 = ms/{mu + nis). 
The sign minus comes from one fermion loop. 

We note that the characteristic energy scale of 1^127^" is set by mx- Therefore 

for the neutrino masses rriu ^ rriK the neutrino propagators in the matrix elements of these 
processes can be substituted by the constant 

1 1 

ml — k"^ ml 

Thus the direct dependence on the final lepton momenta qi and q2 drops out from the 
invariant matrix elements in Eqs. © and (j2^- Using the Fierz identity 

tr (TiO'^T20^) = -tr {T,On tr {T2O,) (22) 

in Eq. (PT|) and recalling the definition of the weak decay constants f.^ and fx in Eq. (fTHjl . 
one finds that 

Hr^'iqi, q2\ m,) = ^H^'f^^iqi, ^2; m,) for m, > m^. (23) 



Thus, in this hmit the t-channel contribution can be evaluated in a hadronic model inde- 
pendent way as well as the s-channel contribution. 

In the case of arbitrary finite neutrino masses, after straightforward but quite tiresome 
calculations, explained in Appendix we end up with the following expression for the 
t-channel hadronic matrix element 

An approximate analytic representation for the structure functions H^{si,S2',miy) is given 
in ()A4|) . We define the kinematical variables as 

si = (gi + 52)^ = {p-p'f, 

S3 = {p' + qi)^ = (p-g2)^ 

where p"^ = m\, p'^ = m^, q} = mf. and si -|- S2 + S3 = -|- + mf_^ + mf^. 
With these definitions the /j'^/^vr^ decay rate can be written in the form 

r(K+ ^ Itlt^-) = (1 - E ^'^n J ds, J ds, nS2. Sshn, (25) 

where a^^^^ = [Ui^kUi^km^^W^JJl^^m^^) and 

4 = ml +mK-J^ [{ss + m^K- (^3 + ml - ml)T (26) 

TXns3,mj„ml)X'/\ss,ml,ml)], 

The integrand in Eq. ()25|) is 

Hs2,S3)kn = 2(ii^^^2(gi,g2;m,J+ii'^^'^n?2,gi;m,J) {H^''^•''{q^,q2■,m,J + H^'''''^{q2,qi;m,j) 
xgf gftr7^, 7^2 7^2 7^,(1 - 7^). (27) 

An explicit form of the function J-'{s2, Ss)^^, which we do not show here for its complexity, is 
derived by the substitution of the expression for H^^^^'^ from Eqs. (0), (jHI) and (j24j) . Then we 
carry out the twofold integration in Eq. ()25|) numerically. The results of these calculations 
we discuss in the next section. 
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V. NUMERICAL RESULTS 



One of the main purposes of our study is to examine the relative contribution of the 
t-channel diagram, Fig 1(b), to /^^/^tt^ decays. We are doing this in terms of the 

decay rates of these processes comparing their values obtained in the case when both s- and 
t-channel diagrams are taken into account, Tg+t-, with the case when the t-channel diagram is 
switched off, r^. For the sake of simplicity we analyze the contribution of only one neutrino 
mass eigenstate with an arbitrary mass m^^. Varying m^,^ in a wide range of its values 
we assume Vh to be an additional mass eigenstate to the three ordinary very light neutrinos. 
This additional neutrino state may appear in models with sterile neutrino species (see, for 
instance, Refs. jiol. llS^) and may a priori have an arbitrary mass. 

We present our results for the particular case of K"*" — > yU^/i+vr^ decay in Table 1 for the 
total decay rate T s^t/\U^hf and for the ratio Vs+t/'^s as functions of neutrino mass m,^^. 
For other decays I'^ll^T^' the results are similar. 

The following comments are in order. The s-channel diagram has the two singular neu- 
trino propagators l/(m^^ — ■52,3). Therefore, for the neutrino mass in the "resonant" 
intervals 

(m^ + m^) ^ 245 MeV < m^^ < {mx - m^) ^ 388 MeV, for ir+ /i+^u+vr", (28) 
(me + m^) ^ 140 MeV < m^^ < {mx - me) «i 493 MeV, for e+e+7r~, e+/i+7r" 

one must take into account the total decay width Fj^^ of z//j-neutrino substituting 
m^^ — > nii,^ — (i/2)Fj,^. The total decay width T^^ receives all the possible contributions 
from the leptonic and semi-leptonic charged and neutral current decay modes allowed by 
the energy-momentum conservation for the Majorana neutrino Uh with the mass in the res- 
onant intervals (j2Hl)- For the resonant interval of the K"*" —>■ fi^fi'^n^ decay this quantity 



has been calculated in Refs. 
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15l | as a function of m;^^ . In our analysis we use its average 



value over the resonant intervals ()28j) which is T^^ ^ 10~ GeV. 

Due to the smallness of Fj,^ the s-channel diagram in Fig. 1(a) blows up in the resonant 
intervals and absolutely dominates over the t-channel one. This effect is clearly seen in 
Table 1. 

Let us note that the values of the decay rates in the resonant intervals ()28|). dominated 
by Tg, give model independent theoretical upper limits on the neutrino contributions to the 
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studied processes 



V{K+ ^ Z+Z+TT-) < rr ^ Z+Z^+TT-). (29) 

The t-channel contributions introduce negligible corrections to these limits. For the corre- 
sponding branching ratios we obtain the following order of magnitude upper limits 

7^^^,7^ee,7^^e < 10-\ (30) 

The derivation of more accurate limits requires a comprehensive evaluation of the total decay 
width Tij^ of the neutrino mass eigenstate as a function of m,^^ in the resonant intervals 
(jlS)), which is beyond the scope of the present study. Apparently the limits in Eq. (jHUj) are 
much larger than the experimental limits in Eq. (^. This allows one to derive stringent 
limits o. tl,e mixmg matrix elements C/.. U,,. In this way an upper limit \U„,\' < 10- has 
been derived in Ref. [10| from K"*" yU+yU+vr decay. 

As seen from Table 1, the ratio Ts^t/Ts is less than 1 below the resonant region and 
greater than 1 above it. This behavior is explained by the fact that the interference of the 
s- and t-channel diagrams is destructive for 171^^^ below the resonant region and constructive 
above it. One can also notice that the ratio Ts+tf^s approaches its asymptotic value 

^=(^)'^1.78 (m.^00) (31) 

at rriu ^ 10 GeV. This asymptotic relation follows from Eq. (j^Hj) and is independent of 
hadronic model. 



VI. SUMMARY 

We studied the hadronic structure aspects of the lepton number violating vr^Z^'^Z^ 
decays within the Relativistic Constituent Quark Model. We considered a particular mecha- 
nism of these decays via Majorana neutrino exchange and derived the decay rates as functions 
of neutrino mass. Our special interest was focussed on the relative contribution of the t- 
channel neutrino exchange diagram in Fig. 1(b). We have shown that it is comparable with 
the contribution of the s-channel diagram for all values of neutrino mass m^^ except for the 
resonant domains ()28p where the s-channel diagram Fig. 1(a) absolutely dominates in the 
decay rates. Outside of this domain the relative contribution of the t-channel diagram varies 

11 
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between ~20% and ~45%. This conclusion contrasts with the previous study of Ref. 
claiming this contribution to be always negligible in the considered decays. We also pointed 
out that the values of the decay rates in the resonant regions of neutrino mass represent 
hadronic model independent theoretical absolute upper bounds for the Majorana neutrino 
contribution to n^l'll'^ decay processes. 
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APPENDIX A: TECHNICAL DETAILS 



Here we present the details of the calculations leading to the expression fl24|) for the 
t-channel hadronic matrix element. 

We start with the expression in Eq. (j21|) . Using the vertex functions in the form (|17j) and 
the a-representation for the denominators of quark propagators 



1 



m? — K"^ 



one can write down 



1=1 -l 



d'^ki f d'^k2 kak+2kr 



2+a3+Q4)mg-a5mg+{oic^+a2C?)p^ + (a3+a4)p'^/4+a5g?2 



(Al) 



{2'k)H J {2tx)H 



where 



^ wk + «! + 0:2 + as —"5 ^ 



-05 
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with wp — 1/Ap and 

^ (ciQ;2 - C2ai) p + a^ qu ^ 

r — 

^ («3 - «4)p72 - tt5gi2 J 

Then we use the differential representation of the numerator 

num(/(fi, ^2) e^*"" = num (- ^i,- ^2] e^'"' 



^2 " ' 2 

with — 7°9/9rf . Integrating out the loop momenta 

d^ki f d*k2 ^kak+2kr _ ^ ^ 



{2tt)H J {2t:)H 2%4|a|2 
we arrive at the expression 



where 



and 



5 °° 







num'^1'^2 ^ i-j, ^^5 _ ^^-1 _ g^ ^ (9^1 _ ^Q-i //2] 

X 7^ K - /)2+ //2] O'^^ K - /)i + ci ^ 

- ^«2"i' 7' 7" 7° 7^ K - (a"' /)2+ //2] O'^^ K - /)i + ci :^ 

- ^a^-/ 7' 7" C"^i K - /)2- //2] 7' 7" K - /)i + ci ^ 

- 7' 7" K - /)2- //2] 7' [^d - /)2+ //2] O'^^ 7" 

- ^«22 7' K - /)i - C2 ^ O'^^ 7" 7' 7" C"^^ K - /)i + ci ^ 

- ^«r2 7' K - ?0i - C2 :^ 7" 7^ K - (a"' f)2+ //2] O'^^ 7" 

- \ci:[^ 7' K - f)i-C2A0^' K - /)2- //2] 7' 7" O'^^ 7" 
+ \o'2i(h2 7^ 7^ C>''' 1'^ 7^ 7" C*"' 7" + ^«22^«n 7^ 7^ C*"' 7" 7^ 7" C'''' 7^ 
+ ^«r2«2"i'7'7^0^^7"7'7^C)'^^7" 



z — cci + (0:2 + 0:3 + q;4) + ml 

— {aic\ + a2c\) - (as + - q;5 + ra'^r. 
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Thus, we have reduced the two-loop integrations to the 5-fold integrals over a-parameters. 
We use the FORM code for the calculation of the trace and end up with the ten 
independent Lorentz structures 



+ Hf\s,,S2;m,)ieP^''-^^''^^p'p^q,2 



P2 
P2- 



We have shown that 

= H^i = = = 0, H^' = Hf'", H^"'' = -Hf". 

The function ^ has been numerically found to be negligibly small. We calculated the 
three remaining structure functions Hf (31,82) {A = g,p'p,p'q) using the Fortran code and 
then approximated them by the functions 

TT („mm „min\ 

with Xi = Si - s™™ (i=l,2). For K+ /i+/i+7r~ one has s^"™ = 4m^, = (m^ + m^)^. 
The coefficients &i, &2, &11, ^22, &12 and s™™) depend on neutrino mass m^. The code 

for their numerical calculations is available from the authors. 
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TABLE I: The total K"*" ^"'"yU+Tr decay rate Tg+t and the ratio Fg+t/^s vs. neutrino mass m, 





r.+t/|c/Ml' 






















(eV) 


(GeV) 




(KeV) 


(GeV) 




(MeV) 


(GeV) 




(GeV) 


(GeV) 




1 


0.65 • lO-''^ 


0.85 


1 


0.65 • 10-^^2 


0.85 


1 


0.65 • 10-36 


0.85 


1 


0.13 • 10-31 


1.33 


250 


0.4 • 10-^3 


0.85 


250 


0.40 • 10-37 


0.85 


250 


0.6 • 10-18 


1.00 


250 


0.22 • 10-36 


1.78 


500 


0.16 • 10-42 


0.85 


500 


0.16 • 10-36 


0.85 


500 


0.10 • 10-30 


1.00 


500 


0.55 • 10-37 


1.78 


750 


0.36 • 10-^^2 


0.85 


750 


0.36 • 10-36 


0.85 


750 


0.2 • 10-31 


1.25 


750 


0.25 • 10-37 


1.78 
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